We report that processing at a cloned bacteriophage T7 RNase III site results in strong stabilization of the mRNA relative to the full-length transcript. In contrast, processing by RNase III of the bacteriophage X int tianscript leads to rapid degradation of the messenger (1-4). It is proposed that the mode of cleavage within the RNase III site determines mRNA stability. Single cleavage leaves part of the phage T7 RNase III site in a folded structure at the generated 3'end and stabilizes the upstream mRNA whereas double cleavage at the A int site removes the folded structure and accelerates degradation. In addition, the processed transcript is as active a messenger as the unprocessed one and can direct protein synthesis for longer times. This increased efficiency is accompanied by a proportional (3-4 fold) increase in protein levels. In contrast, processing at Che A int site reduces Int synthesis. Thus, processing may either stabilize raRNA and stimulate gene expression or destabilize a messenger and prevent protein synthesis. The end result appears to be determined by the mode of cleavage within the RNase III site.
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MATERIALS AND METHODS

Construction of pCP62 and pCP63
Construction of these plasmids involved standard genetic engineering techniques used in previous studies (7) (8) (9) (10) . The origin of the various DNA segments constituting each plasmid as well as their exact sequence coordinates are described in the legend to Figure 1 .
Single-Stranded Restriction Fragment Probes
A 592 base pairs Xba I-Nru I restriction fragment spanning the Sal I site in pCP62 and the equivalent 865 base pairs Xba I-Nru I fragment spanning the RNase III site in pCP63 ( Figure 1 ) were purified by gel electrophoresis.
Filling-in with [-"P]-labelled deoxynucleoside triphosphates followed by strand separation by gel electrophoresis (11) generated anti-sense Xba I-Nru I fragments labelled at the Xba I ends.
M13 Single-Stranded Probes
The 592 and 865 base pairs Xba I-Nru I fragments from pCP62 and pCP63
were individually cloned at the Sma I site of the M13mp9 vector (12). The size and identity of the inserts were verified by DNA sequencing and restriction mapping. Phages containing the desired strands (designated M13mp9-592 and M13mp9-865) were prepared (12) and stored at 4°C.
The M13mp9-256 probe was prepared by ligating to the filled-in Hind III site of the M13mp9 vector a 256 base pairs Nde I-Af 1 II restriction fragment ( Figure 5 ) with filled-in ends. In this way, two Hind III sites were generated at the ends of the insert.
To prepare single-stranded DNA probes, E.coli JM101 cultures in 2xTY media were infected with the desired phage at OD,gQ=1.0. Thirty minutes later, [ P]-orthophosphate (lmCi/lOml) was added and vigorous shaking continued for 5hrs at 37°C. Phage was purified from the supernatants by two polyethyleneglycol precipitations. Single-stranded phage DNA was isolated from the phage by phenol extraction and ethanol precipitation (12). Doublestranded [3 2 P]RFI DNA was purified from the cell pellet of the same cultures with a quick-lysis procedure (13). The specific activity was estimated at lmCi/mg DNA with approximate yields of lug RFI DNA and 0.8|Jg phage DNA per ml culture.
SI Protection
Rifampicin (0.2mg/ml) was added to cultures growing exponentially (OD59o = "-8~l-0) and 5ml samples were transferred in tubes containing 2.5W1 diethylpyrocarbonate kept in ice-salt. After centrifugation at 4°C, total RNA was isolated from the cell pellet (14) and resuspended in 501H H2°- Processing by RNase III Increases the Half-life of the mRNA Before determining the degradation rate of mRNA, it was necessary to ensure that the amount of probe was not merely in excess, but actually at saturating concentrations, so that a decrease in the amount of mRNA would be accompanied by a corresponding decrease in the amount of protected probe.
Total mRNA was prepared from E.coli MC1061 £nc+ ceUs harbouring pC p 62 or pCP63 and the volume of total RNA (4ul) Folding of the 3'end in a secondary structure is believed to protect the RNA from 3'-to-5' exonucleolytic degradation. Therefore, the observed 3-4 fold increase in stability of the processed upstream fragment may indeed be due to the fact that its 3'end is protected. In this case, Ly Figure 6 . Single and Double Cleavage by RNase III The hairpin structures represent the secondary structure of the mRNA before and after processing. The Rl.l site studied here is cleaved once and the upstream product can maintain a folded structure at its 3'end which (presumably) protects the messenger from degradation. All RNase III sites of bacteriophage T7 share this mode of cleavage and the processed transcripts are relatively stable. In contrast, the bacteriophage A int gene processing site is cleaved twice and the upstream product which can not maintain a folded structure at its 3'end becomes labile. The small RNA product of double cleavage shown in a hairpin structure is a stable species.
processing at other RNase III sites sharing the same geometry of cleavage should also result in more stable processed mRNAs.
This argument (20) has been advanced to explain why bacteriophage T7 mRNAs are much more stable (t£=6-20min) -than bacterial trp mRNAs (t£=80sec) (5) . Inspection of the proposed secondary structures and cleavage points of all ten T7 RNase III sites shows that processed T7 mRNAs may contain their 3'termini in hairpin structures similar to the Rl.l site (20). Our finding that processing at the Rl.l site leads to mRNA stabilization provides evidence consistent with this hypothesis.
In contrast to the increased mRNA stability after cleavage at the T7 Rl.l site, processing at the bacteriophage lambda int site results in much faster degradation of the processed mRNA relative to the intact transcript (2-4). Unlike the T7 RNase III sites, however, cleavage at the X int site occurs at both ends of the stem-and-loop structure. Such cleavage generates an upstream mRNA fragment which does not contain part of the folded structure of the RNase III site (Figure 6 ). The fact that this processed mRNA is rapidly degraded is also consistent with the hypothesis that processing leads to RNA stability only if part of the folded structure remains at the 3'end. Perhaps the RNase III enzyme remains bound at the 3'end providing additional protection from other nucleases. 
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